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An investigation was conducted on cos fcructioni ic 
ta tell ,oi >e of a M ~3 3 * , urbosope reher^er in order io 
deter* ine their influence a son the perfor ane« oX cos 
turbine vheel* T'Vie obstr >ctions wei*e located don sbr a- 
of tiie turbine *h m ,<a 1 »*t stations v&ryin* frr 9/l& inch 
to 3*9 ioc ho 3 • At e^ch station the fcurbosuoerehi-rsjeF 
*•08 run *t speeds v*r % -' u< Cross 10,000 to 20,0)0 revolu- 
ti oop per -'j.nuto . -.he < x artsion ratios across the turbine 
viried from 1*19 to 1*?0* At e&ch no«od the t'irbine in- 
out to tfr rnd the com ores .or Input power -.ere nearured, 
f fhe ef X Leieucios were c»# ictod b v if to ratio of conpr* ? ? or 
•o^er to tor bine oo*er , 

V«o tjp«s of obstructions B-r*: e -ployed. hie »as ^ 
o-t of four 1 inches in diar*e ter rods 2 ; 1 inches lonxf, 
snd the )thcr *as o sot of four sectors vrK*u & 7 inch 
o 1 * t*»r r* •- d tufi rid a inch inner rudi ;s, r.ch sector 
• as i cn title*;. 



tv o,i m*fC3, r nyi oi re •' * os , the tip f lo+t 

* ’•- ■ - il s inve* tire ti '»• no oh*;<\«e i. iurclne o-rior- . ?■• 



• ft" 5 r # 



Ai 



£)> ,dl* 

I • :r I AT T»Y 



1*7' Y OF Ir’ijt 

i'O HCT Y ■ TvO^ TM ' 
TURf TJCT P RFO^ M C 



k,i o" ons r ' ri i:tj oh 
-U'v-7 ft ■ "x r r 



I.KTdODUdYI'N 



This project was conducted to determine trie in- 
fluence of obstruction© ins»©dia tely downs trea- frocn 
the turbine wheel upon the performance of tne turbine. 
Two types of obstruction© were employed in this inves- 
tigation* 7 he distance fron the turbine wheel at w'dch 
tne obstructions were located was varied as well as the 
speed and the expansion ratio of the turbine* The 
of feet of these obstructions w«.s obtained by computing 
the ef ileieney fro* the turbine newer innut* 

X 

j lis project was j nstlprsted br the desire to Know 
whether destructions would influence the performance of 
a gas turbine and the amount of fine influence. In r, a 
turbine design the tail cl pc lends itself readily to 
the adaptation of preheaters, regene ra tors 3 end other 
host absorbing devices. Also, in cert'in type jet 
engines enoloying variable tail * ipe no*" zles } the r«< eh- 



•rt-l sr •« A 1 c U CO 1 trol s. 

- thill the tail pipe, 
•oulil be vantageous 
band to ; floi of the 



the ria -lc -.02^1* ii located 
In turbouropeller design it 
to di ••ide tii o >xha .at pine or 
exhaust. In <*f* loyim after 



to 



x 
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burning tho after burners are located • Itnin t h« tail 
nlpo* In any of t:*e for #501*1'' cltutiom ?hat Is done 
is equivalent to obstructing the tail pipe* therefore 
t'»l& investigation nee contributed to 4 d*‘snclRr; tbo 
design of turbojet and 'as turbine engines* 

’“ni • invest I ration -as not conducts* to checis ir 
to deter mine tne performance of a gas turbine, nor - as 
it ins tranented to do so* Ttm turbine employed MS 
instrumented only to determine the oo-er Input and out- 
put at existing ambient conditions. 
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The turbofluporch&2*ger us ad in 



this i tir* stiffs ti on 



.■i . U-33* manufactured by the Allis-Cbal.*- r« doip#ny 
under license from the General lectric nowpany* An© 
cosprosaor wa3 rated at X?0 pounds of air per minute 
at an altitude of 2 , 80 ^ x’eet and at a speed of ?\\. s 000 
revolutions per p.inti te * Tn he turbine was a single stage 
impulse turbine with all the pressure dron occurring 
across tbs noszles. Tue turbine air was supplied by 
the supercharger of on Allison y-1710 aircraft engine* 
Tho Allison engine mm& naturally asperated. A Juno 00^ 



type combustion chamber was attached to the turbine And 
the air fro* the Allison engine was burned to £n;r oxirately 
1775 degrese Konkin© before entering the turbine. The 
best operating expansion ratio for the turbine was -.sod 
between 3 and i, with the waste ynte partially opened 
dsM-ndin " on the power repaired b, it. In. thin inveo- 



tigAtion the waste gate was sealed clo"ed, 

bl<?nt air fron ou r aid* 1 l?ort- tory 



• s drawn 



In Ay 
bar - 1 



the compressor, coenressod, 
■- *4i<fw the bull 4 Inc* ' n, 



enf than discharged 
ir . o.cd for is turbine 
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s >Ickcd up inside the test cell, compressed In the 
suporenarger of tne illieon engine, parsed through the 
cord-" stion e'^-amber, through t* e turbine and then dis- 
charged outside the build in i , 

7ho tail pipe ised *as imnufactured at feue ■*^t-l 
shop y the n.iv- rsity of ' irmeaota *nd s cons ructed 
of atainlese steel* The t*il pipe consisted of ei latter 
and all outer pipe, The outer :ip© w is li f ihciies in 
dia^^er, It was provided »i fck a flange ao that it 



co' Id bo bolted to the turbine discharge flan • Tt 
was also provided **ith four equally spaced longitudinal 
slots 10 inches long f-n :■ 3/3 inches »ide, These slot s 
"vero used to position the obstructions in the tail pipe* 
The inner pipe consisted of c c;<lindrlc£l pipe 9 inches 
in uianeter rnd one foot ion to uni eh 'as elded a c x\e 
one foot long. The inner jipo was bald rigidly in pl**ee 
h ilire- struts two inch®? in diameter, ,'ncao struts 
were lif inches from the turbine wheel. One strut was 
adapt'd to pans cooling *ir to the Inside of the 3nn*r 
r>ipe * '~’he air passed upstream from this strut one. Ii - 

pi ng*d upon the downstream :Ide of th* toytine 
The coaling air was forced in at about ten pounds rer 
minute, no codtlng -ir s picked up Inside tie test 
c.r> . 1 , 



‘or%c*rd tti: inch*/. 






tos*. -"’Action, 



.lie toot obstructions re placed tru .s» 
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t io obstructions •or? i ol*ce, me slots I .e outer 
*>ipe word closed by four ;»l*tes 14 inches Ion" • nd two 
'nci as ide, The /Is tec 'ov& cjp -id bo onfoi'x to the 
e on Loops of the outer pipe, Vh© forward ends of feu* 
slots r ere e rilled for a 1 /rich stud, he stud */ s 

oasr .d turou-ni fe.oe hoi in tnc elate, rough t/ie slot, 

*<ud the ncr© ed into iha „©3t obstruct is u This pro- 
vided the icaris of securelT holding the obstruction in 
dace, ^he after end of t>ie plates ere held in pl&co 
by g ciefeal clamp which passed all feus way around the 
tail pipe, • .eparat© elates were used for e<.ci test 
lcc at ion. 



Two types of obstructions were employed. "‘no type 
was four 1* inch diameter 1 rods 2§ inches long. The ends 
of the rods • ore shaped to conform to the contours of 
the inner and outer pipes, ^’he ends which fitted against 
bh© outer pipe were drilled and tapped for a J inch 
stud, Vi'e other type w as four 30 degree sectors with a 
seven, inch outside radius and a h r % Inch inside rsdiue, 

■t'c i .'.-ector --as y inch thick and w wn all four sec Lorn 
•vre in piece one- third of the t&il pips .a-3 obstructed, 

T ; io outside edge of the sectors wero drilled and tapped 
Lo ?■ eo -j ode be trm 1 inch studs, ’he ae studs v,ere oed 

fe: hoJ.u thw fe**«t obstructions X.i clacc as described m , 
•’ <, inch diameter rod* ••rsr used first in • 

’ - c igetien. They -or.; : J «» n •„* <1 firwt at «& Si scan*.";© 

,f y; u-ee j.icms downstre* oi t x’uri ..v 1 and 



: yr r i ovwd upstr^ f ono 1 tcb L icro ■-■; its. * t 

©#cli station th© turbine ©as mm at 1 ' ,0 0, 12,000, 

1 !.,{) ••, iCjOGC, 13,000, *-v5 20,*)" .• revolutions per 

mlr.'tiue* t ©ac station nd *eci spo^-d th© jovgt inrut 



to botti tin compressor *.nd the turbine as seersurod. 

^he tup'viiat efTieienc / ••■s ©onouted by dividing 0-- cor., 
rrcssor rover by too turbine po*er. At one inch fro* 
the turbin* wheel it *tis observed that no effect f rot 
the obstructions existed and *.t this time the studj ♦&-• 
s tainted on the sector obstructions . ' he sectors were 

olaced as close to t.i© turbine wheel as possible which 
was ( }/lo Inch, ^his distance «es United by a flan,")© 
around the turbine discharge which protruded inch 

from the turbine waeel. It was also felt that any 
closer distance «?oul d endanger tho turbine wheel in 

case of vibrations beixag set ip in th ■ obstructions*. 

\ 

on the run at 9/1 inch from tn© turbine »neel tiro 
bolts securing the tail pine to the turbine Decked 

"The following is a list of runs that *©re nade, 
rsh set of runs ras -ado <?t 10,000, 12,OQf, ll*.,0hC, 
16,000, V ,00*h, and 20, CW) revolutions par linnte. 

3© t o. Tyne obstructions Location 



± 

2 



<* 



? 70© Ob s t r u c t i on s 
t one 

li inc i rod* 1 
li innn fot.fj 



1 ; inch r >d s 



on© 

3.0 i . • : 

2.0 eh# J 

1.0 inc mi# 
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hone 



N one 



Location 



ret o . 

6 

? 

a 



r, 'oe c.t c.tiona 
30 de^ros sectors 
30 degree sectors 
33 de^re® sectors 



9/16 inches 
1.0 inches 
•;/l6 inches 



List of teat ogu Indent t 
!• '“33 j?nr*fcV08upercriaPi^©r 

r - nifactured by / llis-dhaln^ers *nder contract 
fro® the >0113 r cl Electric, Campe-ty. 

?♦ Juno fH) 4. Combustion *J hi ber 

Manufactured in "ernany for the Juno 0. Oij. 'urbojet 
engine, 

3* Fuel puip « ofcor 

Manufactured by the S in an Company . 

If. , ' 1 uel rinap 

lanmf&c tuned by tijs Vickers Irie., ? 0*1? any. 

5. Ignition Coil and >’p*rk Plug 

v 'ade in >er»any for fcfts Jus&o 00 4. engine. 

6* Acetylene Supply. 

7» Allision V 1710 aircraft ui^ine, natural! / a »ne rated. 
Allision V 1710 nupercharger. 
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'he instruments used in this investigation viere 
previously installed end supplied by the University of 
Innosofca. ! o effort *as nade to calibrate tnose ins- 
truments. The measurements taken »eP(; not to <? eter-JLne 
tue performance of the turbosuperchar .jer, tut rubber to 
met sure variations in t he performance, The instruments 
utod >t;re considered adequate to conduct this Investi- 



gation. 



The air flov tc tho turbine *as measured 
jic .1 jettsr flat ilato orifice in an eiqht 
“lush type piek~up3 *orc used to measure the 
ticl ore soui*o. )ne was located oi^ht inches 

of the orifice and the other was located four 
do7?nstrem a! the orifice, "his differential 



by a 5.6 
inch pipe 
diffepot- 
upstrea' \ 
inches 
prp * sure 






’cas r * „.d on & six inch inclined *>rcury v *no*iet©r ~'h ich 
caul 1 be read to the nearest five hundredths of r.. inch. 



orifice • r< o previously calibrated '.no •£•: assumed 
course© rou'fnout the inve > t ■ ^ati a ir flow 

1-: *■> co*ur*c-or .*as r?^as;r*d ty a r> n 'ft tnoii die ter 

orii *c , its orifice as *ell h t *' c ii r ..ho cirrtc 



3 



Q 

7 

were obtained from tho i-ac..- . rd - otor *7«r Jowpany, Air- 
c sit ngine division* differential prod® ire r as 

*'©ad on. a 20 inch w ater vertical rr.no-*© fc -i*. This ori- 
fice was previously calibrated ana 4*s ©sainted ec -urate 
tirou ;hoT 2 t tue tnvestig&fci > 1 . 

he to go© natures of the &lr flove feiucough bot- 
orifices vere w asured by a self balancing pots, tiorrler 
v >rj<J with on iron cons tan tan t herr-.oc do pi e • n ne self 
balancing potentiometer was manufactured by the 13ro n 
Instrument fcunpany, end hereinafter it referred to as 
a Brown Box. This instrument could be retd to fene near- 
est- five decrees Fahrenheit. Fence, measurements ta*e»R 
at Ick taoperus turos are subjected to -sore error percen- 
tage iss tnan temp, natures of ni vher order. 

T .0 fuel flow was r* aouretf with a tab II vis Aota- 
mt+r stitourfwa lured by the Pi& or ^ or tor ’oieosay • fMs 

instrument was designed for a diesel fuel of specific 
•'rsvlt; of *36d» The fuel used i:i this invea fcigetion 
was a fuel oil and its specific gravity did not vary over 
five p- r cent fro? that for which the instrument was 
designed. 



Temperatures *cro aessvreti at the co lessor ’Inlet 
A c? outlet, and at the turbine inlet and outlet, The oe 
to ocretur' s were rteasiU'ce'. * itt? ,ij *ro a ox, To 
'<-• . ' turbine ini: t Ce / era -ure c e v — el al iool 

t n>r* oco ol« s used, .is t .or .o-o: KL? was loc 



.sconce t.roun.; 



02- - It 



ro 



ift 
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Wi’bin !r Inlet. hi* location • as cnosen in mu" cr 
fee koup \4ie themoco'ipl out of the direct flen-e fror 
the e Mtbuatio * ch&^bf»r, « calibration n-^rt for the 
use of the chroatAl alurel thermocouple is fun ended to 
this report » T ie other te n)$ r* t, res „re -teajured with 
che rown Box using 20 gauge ii'on cons tan tan ther .o~ 
couples. 



fist of instruments : 

.wwww^imw i « ' i <fc-. ro i ■ ni *i 

7 anonc tars 



1. 


p cl 


Vorcury 


Bai’osseter 


2. 


w 

2 


Aasroid 


10- incn.es > ercury 


3. 


p 3 


Vertical 


£7 inches Mercury 


4* 




Android 


10- inches ’• erenry 


h» 


% 


Vertical 


70 inches v e rc ur y 


6. 


A J c 


Vertical 


20 inches *at©r 


7. 


A t 


Inclined 


6 Inches ere ary 


7e- 


poroturss 






® 


r > 

J cl 


*are T J 


thermocouple 


9-* 




Haro T 0 


thamocsaple 


10. 


•f' 

3 


-ere I C 


t no moo a* .plo 


LI. 


T ti 


fcaro I C 


ther Eocouplo 


iJ? * 




ihiclded 


0 A thermocouple 


«cho rjter 






1 J> a 


• ■»r**ino 


f ujuCir o - \j? otor >35/>* 
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The results of this investigation are to j.nd ir 
Tables XIII through ’VII «nd figures 7 t-iroucH 9, 
obstructions tased in this investigation produced negli- 
gible results on the turbine performance* The computed 
change* in turbine efficiency are erratic and variable* 
io •vot, t ’9 overall trend is to snow that no change in 
efficiency when as much as “me- third of the tail pipe 
vta obstructed. The erratic r 'diner arc a direct 
result of the irregular output of the Allinion super- 
ciiap ?;er , At the lor nartifoln pressures used on the 
Allision engine during the investige felon it was i 'pos- 
sible to maintain s toady operating conditions or; tills 
engine. Its speed would vary as much ©s 2 '(■ revolutions 
pel' minute for e fixed, throttle setfcl i> ( ■ on ■©pu»nti.„ , 
too s' pore horror vls very inf and •bt;c1tv* JL. its ovtrut. 
This survinjt caused uneven burning of too air in the 
c .’bus tic* chamber &'J,en cursed tr-^p^r; ture >r < •'iutions 
" t ins fipfzle clock. T-'ie total -ranee to peri?, tore to 
viv ti rtt Is • o be h :o it'-vnle err^r due 

to t '* ;.rgin" of the Allision * T>«rcfiarpor* 
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her. cue t ur bo*u pare. larger w»a r jrrilnr at ?'\OQQ 



re vo? fcl r- 3 ocr minute but M vision a igf r >as runnln* 
r us -taxirur.i rated ape *d» Above 1 ' 1,000 revolutions 
pi r *»,.W.fce on the Ur-boa u o* e ***iv;er .it * u« i possible 
to c>?l tie ViliaisKi online mo its oil, This v;,s due 
to -\. inadequate cooling w4t<»v- supply, *e defc*. * 
st 1^,000 a d P.OjOCQ revolutions per minute v. ns taicefi 
very n and during ooangin; cor., it ions, louse- 

r ently, the data at these speeds ere question* bl« , 

The maximum ef ih.eiancy of the fcurr.ine & t its r. ted 
sir flow occurs at an expansion ratio of about three, 

The "i&xiau* expansion ratio reached in this study srus 
1, ft, hi 'her values could not be obtained because of 
toe limitations of t *ie Al iision engine and its sapor- 
cheim ir. Tf higher value's could neve been obtained t is 
investlt&u tie... .odd have been ore con- date in its scop®. 

?n£ efficiency,' as obtained by this stud/ arc un- 
reliable, As stated previously t.ie total entrance te.v- 
oereture is believed to be in error* dince ef* icic-icy 
is rn inverse function of this tamer at "me, a varieties 
in this temperature will cause an inverse var i&t lor in 
the • flicieney* iioeev.’r., this investigati jr ?ac c , .** 
dur ted to psurc differences in efficiencies only, and 
•’ 1 df erences should be -c our’ be -5. thin ex^eri eotal 



• m "i vr . r* a : ; 

• ' . »I; '? ;[,/ 0 . ‘■Vis > 

ffw-infr 
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7 Ills investigation tu 3 shown tnafc obstructions 
Placed in the tail pipe of e gas turbine lias negligible 
ef fect upon the efficiency of Wie turbine* Lar&e ob- 
struct ions Disced relatively close to the turbine w-ieel 
shoved no noticeable enungo in tne turbine efficiency* 

It ia reeo'ricndcd thifc f nether study be -"ado on 
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